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Abstract

Fault-activation frequencies in the United States have been derived from
U.S. Geological Survey Miscellaneous Field Studies Map 916 for 30 faulting
regions and 5 age groups (from 15 m.y. to historical). Three conclusions
from this study are: (1) faults are branching systems conforming to
geometric laws of self- similarity; (2) slopes of frequency-magnitude plots
(b values) can be explained geometrically, (3) regional earthquake
forecasting can be geologically quantified. Paleoseismic parallelograms
have been constructed representing relations between the given number of
activated faults (n), their lengths, and the rupture lengths per year.
"Activated length" is the fault length involved in rupture according to the
map data; "rupture-length rate" is the rate at which fault rupture occurs
according to the age progressions for these data. Earthquake magnitudes
and frequencies are calculated using different assumptions about the
possible rates at which given numbers and lengths may be activated in a
given fault set.
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1. Introduction; Maps of Young Faults in the United States.

The principal data of our study are histograms for numbers of faults
versus fault length taken from a map compiled by Howard and others (1978
at a scale of 1:5,000,000; it was derived from regional compilations at a
scale of 1:250,000 (Figure 1.-1), The map is subdivided into
30 named regions by Howard and others (1978), as listed in Table 1.-1; we
have numbered the regions in this report only for bookkeeping purposes
according to alphabetical order, avoiding any attempt to group regions
genetically.

We have also i?ed data from maps of coastal southern California (Ziony
and others, 1974)~at a scale of 1:250,000 as a comparative set to check the
relative effects due to map scale, compilation methods, and different
ranges in age classifications (see area outlined in Figure 1.-1B),

Although the data for coastal southern California (designated L.A.
Area in this report) are basically from the same original sources as the
United States map, there are major differences in the length scales and age
groups for the faults portrayed, and the boundaries of the geographic
regions represented are different. This comparison represents one of the
interesting discoveries of this preliminary analysis.

Our purpose in reporting results in this tentative and incomplete
manner is to stir interest in carrying the analysis to more definitive
conclusions. The conclusions are largely subjective, and they are made so
we can describe some of the patterns and ideas that we feel are suggested
by the data. We feel that the implications are important enough to launch
a major statistical study of faulting in North America. Based on our
present approach the next phase of study is to compile data sets for each
of the base maps at 1:250,000 and to select within each of these map
regions still larger scale areas where faulting resolution and age
classifications may be optimized. In subsequent work, a goal is to also
classify faults according to their styles of movement and their angular
orientations. We did not attempt that kind of sorting for the United
States data. That omission, in itself, is the basis for ideas concerning
the general nature of faults as branching systems of fractures behaving
with a remarkable degree of similarity regardless of style, crustal
heterogeneity or age. We believe there is sufficient data on different map
scales to test this idea quantitatively, and, if it can be documented,
there exists a powerful geological basis for classifying fault regions for
a variety of environmental purposes, including earthquake forecasting.

‘l/}hese maps, Miscellaneous Field Studies Maps MF-585 and MF-916, can be
purchased from the Branch of Distribution, U. S. Geological Survey,
Box 25286, Federal Center, Denver, CO 80225. MF-916 is also available
from the Branch of Distribution, U. S. Geological Survey, 1200 South
Eads Street, Arlington, VA 22202.
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Table 1.-1. Alphabetical list of fault regions
for the conterminous United States
(from Howard and others, 1978}.

Arizona Mountain Belt [01]
California Coast [o2]
Central Mississippi Valley [03]
Circum-Gulf [04]
Eastern Oregon-Western Idaho [05]
Four Corners [06]
Grand Canyon [07]
Gulf Coast [08]
Mexican Highland (09]
Mid-Continent [10]
Northeast [11]
Northern Rockies [12]
Oregon-Washington Coast [13]
Pacific Interior [14]
Paradox [15]
Puget-0lympic [16]
Rio Grande [17]
Salton Trough (18]
Snake River Plain [19]
Sonoran [20]
Southeast [21]
Southern Calif. Borderland [22]
Straits of Florida (23]
Transverse Ranges-Tehachapi [24]
Utah-Nevada [25]
Walker Lane [26]
Wasatch-Tetons [27]
Western Mojave [28]
Western Nevada [29]
Wyoming [30]

Brackets give numbers used in compiling data for
illustrations.
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2. Numbers of Faults Distributed by Fault Length.
2.1 Frequency Histograms

The measurements used to classify fault lengths are summarized in
Figure 2.1.-1 (individual sets of histograms are numbered in parentheses
according to Table 1.-1, including data from the larger scaie maps for
Coastal Southern California; each set of histograms gives the total numbers
for measured faults in each region, as well as the numbers for measured
faults in each age group in the region). Table 2.1.-1 lists the age groups
for the conterminous U. S. and Los Angeles areas used throughout this
report. Counts were made for every 0.02 c¢cm at the scale 1:5,000,000,
giving a length interval of 1 km, which is near the resolution limit at
this scale. This limit explains why the maximum recorded number occurs at
a greater length (near 10 km) for the United States data. The data for the
Los Angeles area, however, show maxima near 1 or 2 km at the same length
scale and counting interval, because the larger mapping scale (1:250,000)
allowed shorter faults to be portrayed on the map. This point is important
to interpretating regression curves for frequency versus length in later
sections.

The counting interval is also important relative to protraying
freqguencies as continuous functions. Most of our data are expressed in
terms of the 1 km interval. This must be kept in mind when we portray the
results as logarithmic and cumulative distributions. Slopes, limiting
intercepts and shapes for cumulative distributions are affected by gaps in
the data. However, there are strong consistencies in the distributions
even where the guantitites of data are poor. This generalization, though
crude, is another basis for our inference that, on the average, there is a
natural law of branching ratios with a relatively narrow range in
functional forms. Anticipating later discussions, these functions appear
to represent length freguencies that are inversely porportional to the
length raised to a power somewhere between about 1 and 3, with an average a
little Jess than 2. The cumulative frequency, being a summation or
integral of these distributions is also an inverse power law with an
exponent usually less than 2; the relations between incremental and
cumulative distributions are illustrated in section 4.

It is notable that the above forms for the distributions were suggested
theoretically by Vere-Jdones (1976) on the basis of stochastic models
describing fault activation. The average values and ranges in exponents
are similar to values he derived. We have also observed that similar
functions describe the distributions of microfractures in laboratory test
specimens, the distribution in lengths of septa between soap bubbles in
froths having heterogeneous bubble sizes, the distributions for stream
lengths in drainage systems, and the relation between numbers and crater
diameters for meteorite impacts on the planets. These comparisons are
given in section 4 discussing cumulative freguencies. Evidently we have
rediscovered the wheel in the sense that the distributions apparently



represent some general properties that describe intersecting lines and
surfaces. The conditions for, limitations on, and rates of change in these
fundamental distributions, however, may bring a new and unifying
perspective to our abilities in locating active faults and forecasting
related earthquake frequencies.



SECTION 2.1. FIGURES AND TABLES



HISTOGRAM OF FAULT LENGTHS, CONTERMINOUS U.S

ARIZONA MOUNTAIN BeLT CAGE 20 ARIZONA MOUNTAIN BELT CAGE 3D
3T I B IS T T BT e e —— — P
L 1
- 4
e ﬁ - 2 al
20} L .
3 } 3 =
< < L
[ L 4 (™S
5 ‘ 5
& 3 1 x .
g 1 T g 18t E
r
Kot} L Lis 1 i . I ol In.on 2 IO " .
es ?2 e 4 26 es8 1 K3 "4 23 e 2 ? 4 o6 0 ; s T4
LENGTHS OF FAULTS (CM), SCALE ! 5,000,000 LENGTH OF FAULTS (CM), SCALE 1 5,000,000
ARIZONA MOUNTAIN BELT CAGE 4) ARIZONA MOUNTAIN BELT CAGE S)
39 T 1T | B N I v b - o e o e S e L B SN B B L Ty T
1 1 r
w [ ] - L
- 2er - 208 n
3 - 3 :
Id } = F
(™.
& L s L
o
ey 1 w1 r
§ 8- N T et h
< 3 1
L 1 !
\ T 0 . ; [ mm ofthllma, 0.0 0. @0
aa e 2 o 4 es o8 ] 12 14 aa ngg mﬂT‘ 2 6 ,; u .? 14
LENGTH OF FAULTS (CM), SCALE 1 5,000,008 LENGTH OF FAULTS (CM>, SCALE ! 5,000,809
ARIZONA MOUNTAIN BELT (AGE 6) ARIZONA MOUNTAIN BELT(for all ages)
@ T T T L T 30 T T T T T T T
L R
] i ]
4
| r
o » b
o | i
= 20 g 20 -1
- - =< - 1
L L -
5 [ 5
& - [ +
s ter- T g 1o .
z
L ﬂ 1 | 1
° W0 0. ST ] | ] L dl Hﬂ] ﬂ‘m ng.n.. . a...mn
] 82 84 86 es 1 [3E3 4 LA 8.2 ? 4 2 6 28 1 12 ]

LENGTH OF FAULTS (CM>, SCALE | 5,000,000

Figure 2.1.-1. (1)

Histograms for number versus fault length in each faulting region of Figure
1.-1 plus the L. A. area; data are given for each age category plus

summations of all data in all age categories.

LENGTH OF FAULTS (cm); SCALEL | S, 000,000

Individual diagrams are

identified by region numbers in parentheses and by name for L. A. Lengths
are in centimeters at the map scale 1:5,000,000 (1 cm equals 50 km); more
Lthan one diagram per age group is used for regions with very long faults.
In a few instances the histograms show fault counts for an age group that

does not appear on the map for that region.

This is because we used an

uneaited version that has a few age distinctions that were eliminated in
Lhe published version.
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Table 2.1.-1. Age groups for conterminous U.S. and Los Angeles Region
Conterminous United States 1/

Historic2/

Holocene--approximately the last 10,000 years.

Late Quaternary--approximately the last 500,000 years.
Quarternary--approximately the last 1.8 million years.
Late Cenozoic--approximately the last 15 million years.
Other-~longer time span than late Cenozoic.

SO S WM =

Los Angeles regiomil

Historicd/

H(1) Holocene (0-11,000 years).
L(2) Late Quaternary (11,000-5000,000 years).
Q(3) Quaternary (500,000-3 million years).
P(4) Late Pliocene and Quaternary (3-5 million years).
C(5) Late Cenozoic (5-12 million years).

) Pre-late Cenozoic (>12 million).
U,Un Unknown.

1/ from Howard and other (1978).

2/ assumed to be within the last 200 years.

3/ from Ziony and others (1974).

4/ fault movements having specific calendar dates on the map (e.g., 1918,
1963, etc).
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2.2 Subjective Searches for Patterns in the Data

We have compiled fault lengths in various ways and have expressed them
as relations between the common logarithm of the number of faults plotted
against the common logarithm of fault length at the length intervals shown
by the histograms. The lengths are all expressed in units of centimeters
for the map scale 1:5,000,000; a fault segment 1 cm long in the data
therefore represents an actual length of 50 km. Data from the maps of
coastal southern California at the scale 1:250,000 also were converted to
1:5,000,000 for uniformity.

The data have been grouped in the following ways:

a. A1l data for the conterminous United States taken together without
regard to regions or age of faulting.

b. Data in (a) subdivided into the five age groups from the United
States map.

c. Seven regions selected without regard to age of faulting;
selection was arbitrary but with an eye to choosing from regions having
high faulting activity.

d. Data in (c) subdivided into the five age groups.

e. All data in (a) with all data for subset (c) removed, designated
“ATl United States Minus Seven Regions."

f. Data in (e) subdivided by the five age groups.

g. Data for each of the 30 regions plotted without regard to faulting
age.

h. Data in (g) subdivided, where possible, by age group; in most
regions there is insufficient data in a single age category to establish a
trend.

i.  All data from Coastal Southern California (designated L.A. Area in
this report) without regard to faulting age.

J. Data in (i) divided into five age groups; notice that the ages for
these groups are somewhat different than for the United States data as a
whole.

Graphical data in the various categories are presented in the following
two sections, showing least squares regression lines through the data.
Subjective lines through the data are also given; the difference between
the subjective trends and the regression fits basically reflect how the
distributions were weighted by physical intuition concerning data
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truncation and other geometric limitations. Faults that are longer than
the characteristic dimension for a region are counted for that portion of
length within the region. Thus, the statistical data for the longest and
the shortest faults are both unrepresentative of the actual distribution.
Therefore, the central portion of the data were emphasized in both the
regression and subjective fitting.



2.2.1 Frequency Functions; All Ages Taken Together.

To set the stage for subsequent exploration of patterns in the data we
first describe the fault length distributions for the conterminous United
States as a whole relative to the distribution for coastal southern
California (L.A. Area). Figure 2.2.1.-1 gives all data regardless of
movement age for the conterminous United States showing the data points and
computer regression fits. Figure 2.2.1.-2 shows the data for the United
States as a whole compared with data for the Los Angeles Area. The
comparative diagram illustrates two points: (1) numbers of faults continue
to increase with decreasing length in a region mapped at a scale that gives
data for faults too short to be represented on the United States map, and
(2) the slope of the distribution for the larger map scale is very similar
to that for the United States as a whole. From these observations we infer
that the empirical relation for numbers of faults versus fault lengths
holds without limit for decreasing lengths less than the mean length for
the unit fault (intercept at unit frequency). This implies that the
numbers of fractures below mappable lengths on any given map scale are
determined by the numbers for mappable lengths at that scale.
Hypothetically, this is assumed to apply to the branching pattern for all
fractures related to fault movement down to the scale of microfractures.

We state this as a hypothesis to be tested by counting fracture lengths at
progressively larger map scales.

The analogous distributions for each of the 30 regions, without regard
to movement ages, are shown in Figure 2.2.1.-3 (1 through 30). The
abundances of data and the forms for their distributions clearly have
widely varying quality. Despite this unevenness in the sampling, there is,
to us, a strong coherence in the relationship between frequency and
length. We attempt to illustrate this coherence by comparisions of slopes
ana intercepts for trends in the distributions using both subjective fits
to the data by eye and computer regressions. Table 2.2.1-1 lists these
values for both forms of representation. Figure 2.2.1.-4 (A and B) shows a
composite for all the computer and subjective trends; the lengths of the
lines indicate the fregquency range encompassing the data. In Table
2.2.1-1, the regions with poorer data are indicated by asterisks, and the
trenas for these regions are shown by dashed lines in Figure 2.2.1-4.

In the next few figures and tables the same data are grouped in various
ways to search for patterns, and in the next section we subdivide the data
by age group to the extent possible.

Figure 2.2.1.-5 is a histogram showing slope values for the subjective
and regression trends. It is not statistically well defined, but it
suggests a bimodal distribution, which is also hinted at by the composite
plot showing slope trends (Figure 2.2.1.-4). Table 2.2.1.-2 gives a
listing for those regions with absolute values for slope less than 1.5, and
Table 2.2.1.-3 gives those greater than 1.5, Figure 2.2.1.-6 shows a plot
of slope values versus values for the length intercept at unit frequency.
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Tables 2.2.1.-1 and 2.2.1.-2 and Figure 2.2.1.-6 illustrate that there
is a suggestion of systematic differences between regimes having,
respectively, low and high subjective slopes. The regimes with low slopes
tend to have somewhat.greater fault lengths at unit frequency. Subdividing
the data according to quality has little effect on mean slopes, but it
reveals a large systematic shift in the length intercept toward more
negative values (smaller mean lengths at unit frequency) for the poorer
data sets. This reflects the larger gaps in the frequency data, so the
total population is suppressed. It is interasting that this happens
without an analogous systematic effect on general slope trends in the
data. That is, in order to shift a number population without changing the
form of the distribution means that the population added or subtracted must
have the same form. This could mean either that there are actual unmapped
faults that cause the shift, or that for some reason branching
distributions may have missing limbs in some cases. The consistency in the
more complete data sets suggests the former interpretation.

Figures 2.2.1.-7 and 2.2.1.-8 give outline maps for the conterminous
Unitea States showing state boundaries and the arbitrary boundaries for
fault regions on which are plotted the areal distributions of slopes and
intercepts derived from the logarithmic diagrams illustrating freguency
versus length. Figure 2.2.1.-7 shows the locations for regions having
absolute slope values falling within one of four equal intervals between
1.0 and 2.6. Figure 2.2.1.-8 shows the analogous locations for regions
having four different ranges of intercept values between about 10 and 130
km. It is notable that the regions having the lower absolute slope values
tend to be those having the longer systems of major faulting. Some
regions, such as the California Coast (2), represent great systems of
strike-slip faulting; the Rio Grande region (17), however, is a rift system
and also falls in this category (see pl. I for fault patterns). The growth
faults along the Gulf Coast (8) also tend to show a similar relation.
Regions with high slopes, on the other hand, tend to be those that are
tectonically more broken up, or blockier, such as the regions in the Basin
and Range province (regions 5, 19, 25, and 29). The relation of the
Transverse-Tehachapi (24) to the California Coast and Western Mojave
regions (2, 28) is instructive in this regard.

Table 2.2.1.~-4 lists the slopes and intercepts for an arbitrary group
of seven regions; Figure 2.2.1.-9 shows their locations. These seven
regions were selected at an early stage of the study just to see if there
was a major distinction in the numerical data for a subset taken from
different areas in the western United States relative to the United States
as a whole. It turns out that the averages for these regions are not much
different than the United States average.

Another region subset shows up by inspecting the composite plot of
subjective trends (Figure 2.2.1.-4B). It contains a tightly bunched group
with trends centered about a crossover point at a Log frequency at about
0.7 (frequency = 5 ) and Log length at about -0.35 (length = 22 km).



Nearly all these trends come from the better quality data; they are listed
in Table 2.2.1.-5, and their map locations are also shown in Figure
2.2.1.-9. A proposed explanation for the convergence is that rates of
creation for shorter faults and rates of coalescence from short to longer
faults oscillate from place to place and time to time averaging around the
mean slope which is bracketed by the parallel group listed in Table
2.2.1.-5. The present data are insufficient to test this hypothesis
quantitatively, although rates derived later support the idea that
time-dependent variations are different for different fault lengths. The
particular pattern mentioned is not as clearly defined in the regression
curves (Figure 2.2.1.-4A), although we feel that the subjective lines are
the more consistent representations.
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SECTION 2.2.1. FIGURES AND TABLES
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HISTOGRAM OF SUBJECTIVE SLOPES LOG # VS LOG LENGTH
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HISTOGRAM OF COMPUTER SLOPES LOG # VS LOG LENGTH
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Figure 2.2.1.-5.

Histogram showing the distribution for slopes representing the relation
between the logarithms of number versus length for the set of 30 fault
regions in the conterminous United States (all ages taken together).
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INTERCEPTS VS SLOPES FOR COMPUTER TRENDS
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Figure 2.2.1.-6.

Absolute values for slopes versus length intercepts at number n=

subjectively fitted data (Fig. 2.2.1.-4). 1 based on
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Table 2.2.1-1. Slopes and intercepts of trends in frequency versus length of faults.

Regionl/ Region Name Slope Intercepts on X2/
Number Subjective Regression Subjective Regression

1 Arizona Mountain Belt -1.82 -1.28 -0.10 (40) -0.17 (34)
2 California Coast -1.38 -1.28 +0.14 (69) +0.10 (63)

3 * Central Mississippi Valley -2.00 -2.03 -0.35 (22) -0.67 (11)
4 * Circum-Gulf -1.85 -1.68 -0.02 (48) -0.09 (41)
5 Eastern Oregon-Western Idaho -2.41 -1.77 +0.10 (63) +0.16 (72)
6 * Four Corners -1.67 -1.40 -0.20 (32) -0.25 (28)

7 * Grand Canyon -1.29 -0.93 -0.18 (33) -0.11 (39)
8 Gulf Coast -1.52 -0.92 +0.37 (117) +0.53 (169)

9 * Mexican Highland -1.78 -1.37 -0.30 (25) -0.34 (23)
10 * Mid-Continent -1.60 -0.69 -0.29 (26) -0.25 (28)
11 * Northeast -1.82 -10.08 -0.26 (27) -0.41 (19)
12 Northern Rockies -1.85 -1.15 +0.06 (57) +0.09 (62)
13 Oregon-Washington Coast -2.09 -1.94 +0.12 (38) -0.19 (32)
14 * Pacific Interior -1.70 -1.01 -0.11 (39) -0.03 (47;
15 * Paradox -1.20 -1.04 -0.17 (34) -0.25 (28)
16 * Puget-Olympic -1.28 -0.57 -0.19 (32) -0.12 (38)
17 Rio Grande -1.20 -0.93 +0.25 (89) +0.17 (74)
18 * Salton Trough -1.48 -1.03 -0.08 (42) -0.08 (42)
19 * Snake River Plain -2.50 -1.75 -0.36 (22) -0.32 (24)
20 * Sonoran -1.72 -1.71 -0.60 (13) -0.66 (11)
21 * Southeast -1.54 -3.37 -0.13 (37) -0.27 (27)
22 Southern Calif, Borderland -2.03 -1.48 -0.09 (46) -0.06 (44)
23 * Straits of Florida -1.89 -1.19 +0.01 (51) -0.08 (42)
24 Transverse Ranges-Tehachapi -2.27 -1.61 -0.05 (45) -0.09 (41)
25 Utah-Nevada -2.24 -1.81 -0.03 (47) -0.01 (49)
26 Walker Lane -1.86 -1.77 +0.04 (55) -0.01 (49)
27 Wasatch-Tetons -1.90 -1.51 -0.04 (46) -0.05 (45)
28 Western Mojave -1.27 -1.03 +0.14 (69) -0.63 (12)
29 Western Nevada -2.16 -1.63 +0.04 (55) -0.11 (39)
30 Wyoming -1.13 -0.92 +0.09 (62) -0.00 (50)

A1l Data Best Data Worst Data
Subj. Reg. Subj. Reg. Subj. Reg.
Mean values of slopes 1.75 1.70 1.81 1.40 1.69 1.99
Mean values (log) of
X intercept -0.08 -0.13 +0.05 -0.02 -0.22 -0.26
Mean of log lengths at
unit frequency in km 42 37 56 48 30 27

1/ Asterisks indicate regions in which the data are sparse.
2/ Numbers in parentheses are fault lengths in kilometers at unit frequency.

91



Table 2.2.1.-2 Regions having absolute values of slope less than 1.5 in
plots of log frequency versus log length (called

low-slope group.)

Regionﬁ/ Region Name

Absolute value of slope

Number Subjective Regression
2 California Coast 1.38 1.28
7 * Grand Canyon 1.29 0.93
15 * Paradox 1.20 1.04
16 * Puget-Olympic 1.28 0.57
17 Rio Grande 1.20 0.93
18 * Salton Trough 1.48 1.03
28 Western Mojave 1.27 1.03
30 Wyoming 1.13 0.92
A1l Data Best Data Worst Data
Subj. Reg. Subj. Reg. Subj. Reg.
Mean values of slopes 1.28 0.97 1.25 1.04 1.31 0.89
Mean values (log) of
X intercept 0 -0.12 +0.16 -0.09 -0.16 -0.14
Mean of log lengths at
unit frequency in km 50 38 72 41 34 36

1/ Asterisks indicate regions with sparse data.
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Table 2.2.1.-3

Regions having absolute values of slope greater than 1.5 in plots
of log frequency versus log length (called high-slope group).

Regionl/ Region Name Absolute value of slope

Number Subjective Regression

1 Arizona Mountain Belt 1.82 1.28

3 * (Central Mississippi Valley 2.00 2.03

4 * Circum-Gulf 1.85 1.68

5 Eastern Oregon-Western Idaho 2.41 1.77

6 * Four Corners 1.67 1.40

8 Gulf Coast 1.52 0.92

9 * Mexican Highland 1.78 1.37

10 * Mid-continent 1.60 0.69

11 * Northeast 1.82 10.08

12 Northern Rockies 1.85 1.15

13 Oregon-Washington Coast 2.09 1.94

14 * Pacific Interior 1.70 1.01

13 * Spake River Plain 2.50 1.75

20 * Sonoran 1.72 1.71

21 * Southeast 1.54 3.37

22 Southern Calif. Borderland 2.03 1.48

23 * Straits of Florida 1.89 1.19

24 Transverse Ranges-Tehachapi 2.27 1.61

25 Utah-Nevada 2.24 1.81

26 Walker Lane 1.86 1.77

27 Wasatch-Tetons 1.90 1.51

29 Western Nevada 2.16 1.63

A1l Data Best Data Worst Data
Subj . Reg. Subj. Reg. Subj. Reg.
Mean values of slopes 1.92 1.96 2.05 1.55 1.76 2.45
Mean values (log) of
X intercept -0.11 -0.14 -0.015 +0.028 -0.23 -0.31
Mean of log lengths at
unit frequency in km 39 36 48 53 29 24

1/ Asterisks indicate regions with sparse data.



Table 2.2.1.-4 Absolute values of slopes for subset of 7 Regions.

Regionl/ Region Name

Absolute value of slope

Number Subjective Regression
15 * Paradox 1.20 1.04
16 * Puget-Olympic 1.28 0.57
17 Rio Grande 1.20 0.93
18 * Salton Trough 1.48 1.03
22 Southern Calif. Borderland 2.03 1.48
24 Transverse Ranges-Tehachapi  2.27 1.61
26 Walker Lane 1.86 1.77
A1l Data Best Data Worst Data
Subj. Reg. Subj. Reg. Subj. Reg.
Mean values of slopes 1.62 1.20 1.84 1.45 1.32 0.88
Mean values (log) of
X intercept -0.04 -0.05 +0.04 +0.002 -0.15 -0.15
Mean of log lengths at
unit frequency in km 46 45 55 50 36 36
1/ Asterisks indicate regions with sparse data.
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Table 2.2.1.-5 Subset of regions showing convergence in composite diagram of
subjective trends (figure 2.2.1.-4).

Regionl/  Region Name

Number Subjective

Absolute value of slope .

Regression

("Convergent" Group)

2 California Coast

12 Northern Rockies

13 Oregon-Washington Coast

17 Rio Grande

23 * Straits of Florida

24 Transverse Ranges-Tehachapi
25 Utah-Nevada

26 Walker Lane

28 Western Mojave

("Parallel" Group)
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4 * Circum-Gulf 1.85 1.68
22 Southern Calif. Borderland 2.03 - 1.48
27 Wasatch-Tetons 1.90 1.51
29 Western Nevada 2.16 1.63
A1l Data “Convergent" “Parallel"
Subj. Reg. Subj. Reg. Subj. Reg.
Mean values of slopes 1.85 1.46 1.78 1.41 1.99 1.58
Mean values (log) of
X intercept +0.03 -0.06 +0.05 -0.07 -0.03 +0.02
Mean (log) length at
unit frequency (km) 53 44 56 42 47 48

1/ Asterisks indicate regions with sparse data.



2.2.2 Frequency Functions; Subdivided by Age of Latest Movement

Table 2.2.2.-1 gives the slopes and intercepts for the United States
data by age group according to the various categories identified in the
previous section. The subcategories broken down by age involve: (a)
regions having low overall slopes; (b) regions having high overall slopes;
(c) the "7 Regions" subset; (d) regions with convergent trends; (e) regions
with parallel trends; (f) L. A. Area subset. Table 2.2.2.-2 gives the
breakdown for those individual regions having enough data in two or more
age groups.

The data in Tables 2.2.2.-1 and 2.2.2.-2 are based on the distributions
broken down by age category in the following series of diagrams:

Figure 2.2.2.-1. Length-frequency distributions by age for all of the
conterminous U.S.

Figure 2.2.2.-2. Length-frequency distributions by age for the 7
Regions.

Figure 2.2.2.-3. Length-frequency distributions by age for the U.S.
with the 7 Regions subtracted.

Figure 2.2.2.-4. Length-frequency distributions by age for the regions
of lowest slope. i

Figure 2.2.2.-5. - Length-frequency distributions by age for the U.S.
with regions of low slope subtracted.

Figure 2.2.2.-6. Length-frequency distributions by age for the
"convergent group."

Figure 2.2.2.-7. Length-frequency distributions by age for the
“paraliel group."

Figure 2.2.2.-8. Length-frequency distributions by age for sum of
convergent and parallel groups.

Figure 2.2.2.-9. Length-frequency distributions by age for the Los
Angeles Area.

Figure 2.2.2.-10. Length-frequency distributions by age for individual
regions (regions omitted have insufficient numbers to attempt fitting a
trend, and many of those shown have poor control).

Figure 2.2.2.-11 summarizes the variations in slope versus age of
latest motions. There are trends that we can point to, equivocally, and
there appear to be fluctuations in time that are statistically
significant. The variations as a whole suggest that most often slopes have
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decreased at the younger ages; for the United States as a whole this
decrease appears to have been almost continuous over the latest 2 m.y. The
decrease could reflect the way sampling is biased in different age groups,
but we think the trends and fluctuations are significant.

If the variations of slopes with age of movement are real, the
implications are the following: A decrease in the absolute slope with time
means that the number of movements on the shorter faults are decreased
relative to the longer faults. This could happen by decreased activity on
the shorter faults, increased activity on the longer faults, or by
coalescence among sets of shorter faults to form longer faults.

Conversely, higher absolute slopes with time imply increased activity of
the shorter relative to the longer faults. This could mean deactivation on
the longer faults, or the possible creation of entirely new sets of shorter
faults. Fluctuations in the data, of course, reflect the time dependence
among these ratios. In order to resolve such issues we will need to obtain
histories for movement on specific fault sets in addition to more detailed
data on the ages of latest movement.

Although these interpretations are unsubstantiated, the implications
are theoretically intriguing, and we will refer to them again later
relative to the implications of some published laboratory experiments on
fracture growth in metal fatigue tests.

Figure 2.2.2.-12 gives compilations by age group for the regression
lines of length versus age in all the different groups of regions and the
U. S. overall. This gives another view of the slope progressions with
age. The fact that the numbers for the subsets sometimes exceed the U. S.
total indicates that there is a systematic underestimate of the shorter
lengths in the regressions for the total U. S. This is because the overall
regressions average the data for the low-slope and high-slope groups; the
“parallel" group resembles the "high slope" group (30 regions - low slope
group; (see Figure 2.2.2.-1, Figures 2.2.2.-5, and Figure 2.2.2.-7).
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101 Logarithmic data for numper versus fault length subdivided by age category;
summations for data in the “low slope® group.
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103 Logarighmic data for number versus fault length subdivided by age category;
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105 Logarithmic data for number versus fault length subdivided by age category;
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Logarithmic data for number versus fault length subdivided by age category;
summations for data in the L. A. Area.
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Variation of slopes versus age for lo
fault lengins for selected sets of da
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SECTION 3.



3. Rates of Fault Activation.

3.1. Cumulative Lengths of Faults Showing Movement Since the Early Miocene;
Normalized Activation Lengths versus Age.

Table 3.1.-1 gives additive lengths for faults showing movement in each
region and age group together with the total lengths of faults showing
movement. The convention about summation raises guestions about movement
history. Treating the lengths as additive implies either that there was a
fault set consisting of the total cumulative length which was progressively
activated in time, or that the fault set has grown to its total length
during the time from the Miocene to the present. Neither situation is
accurate. Many fault movements may be renewed activation along older
faults, but new faults also must have been created as the continental crust
has evolved. However, we do not need to know the total histories of the
faults to discuss activation rates, and, conversely, activation rates may
give clues about limits for growth rates of new faults. These clues are
also suggested as hypotheses. They concern: (1) the evolution of faulting
rates during the total history for growth of the continental crust, (2)
fluctuating episodes between high and low faulting rates, and (3) relations
between contemporary faulting rates and average earthquake magnitudes and
frequencies that may occur within the delineated fault regions.

There are other ways the ages of movement might be treated. One
approach might consider that each age category is a unique fault set, the
movements of which represent a minimum recurrence freguency for that set.
Another viewpoint might hold that all the faults showing younger movements
also had older movements. The former assumption is not plausible, and the
latter differs only in interpretation of differences in lengths for
cumulative movements between age categories. The lengths for all the older
age categories would be increased as well as the differences between age
categories. The general effect would be to enhance inferred rates of
activation between the age categories because the lengths are increased in
all categories but the youngest.

Probably the most serious uncertainty concerns faults that may have had
movements younger than those recorded but whose younger movements could not
be determined because criteria for age brackets were lacking. This also
would mean that the total activated length in any age category could be
larger by some unknown and variable amount.

We assume in this report that the effects mentioned do not vitiate the
patterns observed; they do, however, highlight an issue that needs to be
examined in more detail for areas having the most complete records for
faulting history. In view of the potential increases in activation lengths
mentioned above, our derivations of rates appear, in most instances, to be
conservative.
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Figure 3.1.-1 compiles graphs showing normalized length versus age
based on the data in Table 3.1.-1. As an overview, the graphs include data
for various regions compared in each case with the total cumulative curve
for the conterminous United States, a curve for the L.A. Area, and a curve
that represents a constant activation rate since the early Miocene. The
curve for constant rate is an estimate for the overall average in the
United States. Figure 3.1.-2 separates out the data set representing the
group of regions having the lowest slopes in the Log Frequency
distributions. Figure 3.1.-3 shows the "Convergent Group" and Figure
3.1.-4 the "Parallel Group." Figure 3.1.-5 gives normalized curves
representing summations of the various subcategories.

The general conclusion we draw from the graphs of normalized lengths
versus age is that, analogous to the frequency diagrams, there is a
similarity in behavior from region to region and between different
categories of regions, though there are numerous differences in detail.
Apparent fractional activation rates are given by slopes derived from the
curves for normalized length versus age. These are displayed in a parallel
series of graphs given in Figures 3.1.-6, 3.1.-7, 3.1.-8, 3.1.-9, and
3.1.-10. Deviation graphs showing differences between the regional and
United States rates are given in Figure 3.1.-11.

The graphs for apparent fractional activation rates reveal conspicuous
reversals somewhere in the Pleistocene interval, at about one million years
B.P. The regions showing this pattern are summarized in Figure 3.1.-12.
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